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Annexins are highly conserved proteins that are characterized by their ability to interact with phospholipids 
in a calcium-dependent manner. Although diverse functions have been ascribed to annexins based on in vitro 
analyses, their in vivo functions still remain unclear. The intensively studied annexin A5 has been identified 
by its effects on blood coagulation, and subsequently, its function as a calcium-specific ion channel was 
described. In vitro experiments and expression studies suggested a potential role of annexin A5 during 
calcification processes in vivo, especially in endochondral ossification. To gain insights into the relevance of 
annexin A5 in this process, we generated an annexin A5-deficient mouse mutant. Mice lacking annexin AS are 
viable, are fertile, and reveal no significant alterations in the biochemical parameters characteristic for 
metabolic or functional defects. Neither the development of skeletal elements nor the in vitro calcification 
properties of isolated chondrocytes is significantly impaired by the absence of annexin A5. Therefore, annexin 
A5 is dispensable for the formation and maintenance of skeletal elements in the mouse and may possibly be 
pointing to a compensatory effect of other members from the annexin family due to their high functional and 
structural similarity. 



Annexins represent a large family of proteins defined by 
their ability to bind to phospholipids in a calcium-dependent 
manner (21, 27). Members of this multigene family, classified 
to 27 subfamilies, are found in most eukaryotic organisms (25, 
26). All annexins are composed of a highly conserved protein 
core domain consisting of four or eight homologous repeats, 
each harboring a Ca 2+ -binding site, whereas variable domains 
at the N termini define the individual characters of each an- 
nexin. Structural analysis of annexin A5 and other members of 
the family revealed that the four repeats formed by five a-he- 
lices are grouped symmetrically around a central pore (10, 20). 
Although protein and gene structures as well as the biochem- 
ical features of annexins were analyzed extensively, the in vivo 
functions of the individual members of the annexin family 
remain unclear (23). In vitro experiments have linked the func- 
tions of annexins to signal transduction events, apoptosis (32), 
blood coagulation processes (45), and vesicle trafficking, as 
well as calcium signaling and transport (4), but the demonstra- 
tion of these functions in vivo is still pending. The coexpression 
of different annexins with potentially overlapping functions in 
most tissues complicates the in vivo analysis of individual an- 
nexins. 

Annexin A5 was originally purified from chondrocytes as a 
potential receptor for collagen type II (24, 41) and indepen- 
dently isolated from placenta as a protein with anticoagulant 
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activity (5). Later, its capacity to form voltage-dependent cal- 
cium channels in phospholipid bilayers was recognized and 
investigated in great detail (9, 11, 19). It became evident that 
annexin A5 is located inside of cells but that it can also be 
secreted and is thereby detected in blood plasma. Additionally, 
annexin A5 is able to bind to the outer surfaces of cells, me- 
diated by its high affinity to phosphatidylserine (2, 29). Surface 
presentation of this phospholipid represents a characteristic 
event during the early stages of apoptosis, and therefore, an- 
nexin A5 binding has become an important tool for detecting 
apoptotic changes (16). 

An essential role of annexin A5 during the mineralization of 
tissues has been assumed, especially during the process of 
endochondral ossification (40). By interacting with the extra- 
cellular matrix components collagen II and X, annexin A5 can 
mediate the influx of Ca 2+ into the matrix vesicles secreted 
from hypertrophic cartilage at the growth plate and thereby 
initiate the calcification of cartilage (12, 13). Furthermore, this 
observation is supported by in vivo expression studies showing 
that the annexin A5 gene (Ajixa5) is specifically expressed in 
skeletal elements during embryogenesis (1). In the early stages 
of development (9.5- to 12.5-days-postcoitum embryos), Anxa5 
expression was detected in cells associated with the developing 
vasculature. In later stages (>13.5 days postcoitum), a strong 
expression was observed in cartilage anlagen, such as the ver- 
tebral bodies, neural arches, and ribs, as well as the digits of the 
limb buds. In adult mice, Anxa5 gene expression is maintained 
in cartilaginous tissues as well as in bone. Therefore, these data 
suggest a potential role of annexin A5 during skeletal devel- 
opment. 

Here, we analyze the consequences of annexin A5 defi- 
ciency, generated by a gene-targeting approach, for the devel- 
opment of skeletal elements in the mouse. Annexin A5-defi- 
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cient mice are viable and fertile and show no obviously altered 
phenotype. The lack of significant changes in the development 
of cartilage and bone indicates that either only marginal con- 
tributions of annexin A5 to the ossification processes were 
made or that this could be due to the functional compensation 
by other members of the annexin family. 

MATERIALS AND METHODS 

Generation of targeting construct. The murine annexin A5 gene (Anxa5) was 
isolated from a 129/SvJ genomic library in the lambda fix II vector (Stratagene, 
La Jolla, Calif.) by standard methods. Mapping of a 25-kb region corresponded 
to published data (34). Various subclones (pBluescriptll) representing regions 
from intron 2 to intron 6 were generated and used for the construction of the 
targeting vector. A 5-kbp fragment containing exon 3 was amplified by PCR with 
primers Ex3fus (5 '-CGGGGTACCTTCATGGCCTTCCGAAGG-3 ') and Rev- 
long (5 '-GGAAACAGCTATGACCATG-3 '). The resulting product was in- 
serted via Kpnl-EcoRV sites into the vector pUC19 and combined with the 
flanking 5' upstream EcoKV-Sacl fragment of 5.5 kbp. A LacZ cassette from the 
vector pSV-p-galactosidase (Promega) was inserted in frame with exon 3 by 
using KpnhSall sites. A 1.5-kbp/tpaI-.Y&aI fragment including exon 5 was cloned 
into pNeoflox8 containing a neomycin cassette flanked by loxP sites (kindly 
supplied by W. Muller, Cologne, Germany), and the exon3-LacZ cassette was 
inserted after Noil digestion into pNeoflox8, resulting in the targeting vector 
pAVLacZ3,5 (Fig. 1). 

Generation of an annexin A5-deficient mouse strain. The targeting construct 
pAVLacZ3.5 was linearized by Apa\ digestion and transfected into E14.1 em- 
bryonic stem (ES) cells by electroporation (28), and resistant cells were selected 
in the presence of G418 (0.2 mg/ml) as described previously (43). A total of 384 
clones were picked and grown. Isolated DNA was screened by Southern blotting 
and hybridization for correct homologous recombination. An 815-bp fragment 
including exon 6 was amplified by PCR with primers Intron5dw (5'-TCTCAAG 
CAGTATTAGCAGCAAAGATC-3 ' ) and Exon6up (5 '-TGGCACTGAGTTCT 
TCAGGTGTCCTTGA-3 ') and used as a probe for Southern blot analysis. 
Correct clones were hybridized also with a probe corresponding to sequences 
from intron 2. Additionally, a neomycin-specific probe was used to test for 
unique integration of the targeting construct. Three ES cell clones containing the 
correctly targeted Anxa5 allele were selected (clones A9, EU. and Bll), ex- 
panded, injected into C57BL/6 blastocysts, and used for the generation of chi- 
mera. Chimeric offspring were screened for germ line transmission by coat color 
and PCR as well as Southern blot analysis. For one clone (A9), correct trans- 
mission of the mutated allele could be found. Mice heterozygous for the mutated 
allele were mated to establish a breeding colony. Genotyping of mice was per- 
formed by PCR detecting the wild type with primers Exon4dw (5'-GAAGCAA 
TGCTCAGCGCCAGGA-3') and Intron4up (5 '-CTGTACTCTATCACTATC 
ACTG ACTGTTT AATC-3 ' ) and the mutated allele with primers Exon3dw (5'- 
CGAGAGGCACTGTGACTGACTTCCCTGGAT-3 ') and LacZup (5'-GCCA 
GTTTGAGGGGACGACGACAG-3'). 

Immunohistochemistry and detection of (J-galactosidase expression. Em- 
bryos, organs, and limbs of newborn mice were isolated and snap frozen in 
Tissue-Tek (Sakura, Tokyo, Japan). Immunostainings of microtome sections (5 
to 10 u,m thick) were performed with primary antibodies specific for annexin A5 
(rabbit polyclonal antibody; Hyphen BioMed) and Cy5-Iabeled secondary anti- 
bodies (Dianova) as described earlier (1, 33). Sections were stained for (3-galac- 
tosidase activity, and calcium deposits were visualized by staining with 0.5% 
(wt/vol) alizarin red as described previously (8). 

immunoblotting. Tissue samples (150 mg) were homogenized on ice in 2 ml of 
lysis buffer (20 mM Tris-HCl [pH 7.4], 150 mM NaCl, 1% NP-40, 0.05% Triton 
X-100, 0.5% sodium deoxycholate, 2.5 mM EGTA, 2 mM phenylmethylsulfonyl 
fluoride). After centrifugation, the supernatants were collected and protein con- 
centrations were determined (Pierce, Rockford, 111.). Equal amounts of protein 
(20 u,g) were separated by sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis (10% aery 1 amide) and transferred onto reinforced nitrocellulose mem- 
branes (Schleicher & Schuell, Dassel, Germany). Primary antibodies specific for 
annexin A2 (goat polyclonal antibody, 1:20; Santa Cruz), annexin A5 (rabbit 
polyclonal antibody, 1:100; Hyphen BioMed), annexin A6 (goat polyclonal an- 
tibody, 1:100; Santa Cruz), and annexin A7 (mouse monoclonal hybridoma 
supernatant; kindly provided by A. A. Noegel, Cologne, Germany) were used for 
immunoblotting and detected by species-specific secondary antibodies labeled 
with horseradish peroxidase (Bio-Rad). Peroxidase activity was visualized by 
chemotuminescence according to standard procedures. 
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Analysis of biochemical parameters in blood plasma. Sex- and age-matched 
mice (six animals per genotype, 5 month of age) were anesthetized with ether, 
and blood samples were taken by puncturing the retro-orbital sinus. The samples 
were quickly frozen on dry ice and analyzed for biomedical parameters as 
described previously (31). 

Staining of the skeleton in newborn mice. Skeletal preparation and staining of 
newborns with 0.5% alizarin red and 0.015% alcian blue were performed as 
described previously (8). 

Chondrocyte culture. Chondrocytes were isolated from the epiphyseal carti- 
lage of the forelimbs and hindquarters of newborn mice by trypsin digestion 
(1%) for 30 min at 37°C followed by collagenase digestion (1 mg/ml; Roche, 
Basel, Switzerland) overnight in Dulbecco's modified Eagle's medium-F12 
(DMEM-F12; Gibco) containing 10% fetal calf serum (Gibco). Chondrocytes 
were washed three times in DMEM-F12, and 2 X 10 s cells were plated onto 
12-well plates (Becton Dickinson) in DMEM-F12 containing 10% (vol/vol) fetal 
calf serum, 50 U of penicillin/ml, 0.1 mg of streptomycin/ml, and 1 mM pyruvate. 
When chondrocytes reached confluence (day 7), 10 mM glycerophosphate, 10 
mM CaCl 2 , and 50 u.g of ascorbate/ml were added. The cultures were incubated 
at 37°C in 10% C0 2 , and the medium was changed daily. Eight days after adding 
supplements, the cells were fixed for 5 min in 100% methanol and washed three 
times with phosphate-buffered saline. To localize calcium deposits, cells were 
stained with 0.5% alizarin red for 10 min at room temperature, washed three 
times with phosphate-buffered saline, and cleared with 2% potassium hydroxide. 
Stainings were analyzed by light microscopy and quantified by histogram soft- 
ware (Adobe Photoshop). 



RESULTS 

Generation of Anxa5~nul! mutant mice. The annexin A5 
gene (AnxaS) of the 129/SvJ mouse strain contains 13 exons, 
with two alternatively spliced first exons, 1A and IB, and a 
murine endogenous retrovirus (MuERV) integrated into in- 
tron 4 of the gene, as shown recently (34). We confirmed this 
organization in the 129/SvJ strain, but in contrast, Southern 
blotting and PCR analysis using DNA from the C57BL/6 
mouse strain revealed the absence of this retroviral element 
within the Anxa5 gene of this strain (Fig. 1). This difference 
had to be taken into account for the generation of a targeting 
construct, based on DNA isolated from 129/SvJ mice, as well as 
for the analysis of animals with a mixed genetic background 
(129/SvJ X C57BL/6). In order to inactivate the Anxa5 gene, 
we generated a targeting construct interrupting exon 3 and 
deleting exon 4 of the Anxa5 gene. A LacZ cassette was fused 
in frame to the second ATG initiation codon of exon 3, to- 
gether with a neomycin selection cassette and flanking genomic 
sequences as indicated in Fig. 1. Exon 3 represents the first 
common exon found in all known splice products. The mutated 
allele therefore lacked exon 4, together with the MuERV- 
related element, and no functional mRNA should be produced 
(Fig. 1). ES cells were transfected and tested for homologous 
recombination by Southern blotting with an exon 6-specific 
probe (data not shown). Three out of the 384 clones (A9, Bll, 
and Ell) with correct integration of the targeting vector were 
used for blastocyst injection. Single and correct integration was 
further proven by the use of additional probes (neomycin and 
intron 2) as well as PCR. Chimeric males were crossed with 
C57BL/6 females to establish strains with a mixed genetic 
background heterozygous for the mutated allele. The strain 
derived from the ES cell clone A9 showed the correct integra- 
tion after germ line transmission, as tested by Southern blot- 
ting (Fig. IB) and PCR analysis (Fig. 1C), and was used for 
further analysis. 

PCR genotyping of 147 offspring from heterozygous inter- 
crosses demonstrated Mendelian inheritance of the mutated 
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FIG. 1. (A) Generation of annexin A5-deficient mice. The structures of the wild-type allele of the Anxa5 gene in the 129/SvJ (E14) and 
C57BL/6 mouse strains, the targeting vector, and the disrupted allele are shown with numbered exons (vertical bars) and introns. The presence 
of MuERV is shown. LacZ and neomycin (Neo) cassettes are marked in the targeting construct, and regions of homology are indicated (grey lines). 
The sizes of the EcoRV fragments, detected by a probe specific for exon 6 (asterisks), are 7 and 12.5 kbp for the wild-type alleles of C57BL/6 and 
129/SvJ (E14) mice as well as 8 kbp for the disrupted allele, respectively. (B) Southern blot analysis of offspring from heterozygous intercrosses 
digested with EcoRV and hybridized with the probe exon 6. Mut, mutant; Wt, wild type. (C) PGR analysis of isolated DNA results in fragments 
of 301 bp for the wild type and of 449 bp for the disrupted allele. 



allele (+/+, 24%; +/-, 48%; -/-, 27%). Therefore, the de- 
ficiency of the Anxa5 gene causes no significant effect on em- 
bryonic development. Heterozygous as well as homozygous 
Anxa5-deficient mice were vital and fertile and showed no 
obvious phenotypic or behavioral abnormalities. 



The ablation of Anxa5 mRNA expression was confirmed by 
reverse transcription-PCR analysis. No correct full-length 
Anxa5 mRNA could be detected in homozygous mice (data 
not shown). Yet small amounts of a truncated mRNA were 
detected by using reverse transcription-PCR with specific 
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FIG. 2. Expression of annexin A2, A5, A6, and A7 in organs from wild-type (+/+) and annexin A5-deficient (— /-) mice. Protein samples of 
tissue lysates (20 jxg of total protein per lane) from the liver, lung, spleen, and heart were separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, and the presence of annexins A2, A5, A6, and A7 was detected by immunoblotting with specific antibodies. To avoid contami- 
nation with proteins from neighboring lanes, an empty lane separated the wild-type and annexin A5-deficient lanes. 



primers from exons 3 and 6 (data not shown), which repre- 
sented an aberrantly spliced variant. However, no correspond- 
ing protein could be detected by immunoblotting or immuno- 
histochemistry in mice with mutated Anxa5 alleles (Fig. 2 and 
4). Additionally, recombinant expression of this aberrant mu- 
tant protein is instable and lost the characteristic biochemical 
property of annexin A5 to bind to phosphatidylserine (data not 
shown). 

Potential effects on the expression of other members of the 
annexin family were tested by immunoblot analysis of organ 
lysates from adult annexin A5-deficient mice (Fig. 2). Annexin 
A5 was absent in the liver, lung, spleen, and heart, whereas 
annexins A2, A6, and A7 were expressed in annexin A5-defi- 
cient mice in amounts comparable to those in wild-type con- 
trols. Thus, no altered regulation of distinct members of the 
annexin family on the level of protein expression was detect- 
able. The absence of annexin A5 in null mutant mice was 
further confirmed by the immunohistochemistry of newborns 
with annexin A5-speciflc antibodies (Fig. 4). 

Clinical -chemical parameters are normal in annexin As- 
deficient mice. In order to test for biochemical defects, we 
examined a number of clinically relevant parameters in the 
blood plasma of age-matched (5 months) females from wild- 
type and homozygous mutants (Table 1). 

The levels of total protein, glucose, cholesterol, triglycerides, 
uric acid, calcium, and alkaline phosphatase were determined 
(31), but for none of the parameters was a significant deviation 
from those of wild-type mice detectable. This indicates that 
annexin A5-deficient mice do not develop any severe defects 



during the first 5 months of life in association with glucose and 
lipoprotein metabolism, hepatic functions, or parameters 
linked to the ossification processes detectable in the blood 
plasma. 

Normal development of skeletal elements in annexin A5- 
deficient mice. Annexin A5-deficient animals are indistinguish- 
able in size and behavior from wild -type mice up to an age of 
1 year. Adult mice lacking annexin A5 displayed no obvious 
abnormalities in the developing skeleton, and no skeletal ele- 
ments were missing or deformed. Further, X-ray analysis of the 
skeleton from 6-month-old animals revealed no apparent dif- 
ferences in size or in the density of the bone (data not shown). 
To exclude a possible delay in skeletal development, we fo- 
cused our interest on the early development of skeletal struc- 
tures in newborn animals by staining cartilaginous and bony 
structures with alcian blue and alizarin red (Fig. 3). The size of 
the skeletal elements and the relative ratio of cartilage to bone 
in annexin A5-deficient mice were indistinguishable from those 
of wild-type animals. Histological analysis of the tibia from 
newborn animals (Fig. 4D) displayed no overt changes in the 
organization of the growth plate in the absence of annexin A5. 
Significant differences in the level of the calcification of carti- 
lage between wild-type and annexin A5-deficient tibia were not 
detected (Fig. 4G and H). Although annexin A5 was found 
highly expressed in cartilage and bone, as shown by expression 
of the Anxa5-LacZ fusion protein (Fig. 4H) and the immuno- 
histochemical distribution of annexin A5 (Fig. 4C and E), the 
deficiency causes no obvious consequences during develop- 
ment and in adulthood. 



TABLE 1. Determination of biochemical parameters 0 in the blood plasma of wild-type (+/+) and Anxa5-deficient (-/-) 

age-matched female mice (5 months) 



Genotype 


Calcium 
(mmol/Iiter) 


Alkaline 
phophatase (U/liter) 


Glucose 
(g/liter) 


Cholesterin 
(g/liter) 


Triglyceride 
(g/liter) 


Uric acid 
(mg/liter) 


Total protein 
(g/liter) 


+/+ 
-/- 


2.6 ± 0.2 
2.5 ± 0.2 


141 ± 26 
185 ± 35 


2.51 ± 0.41 
2.70 ± 0.3 


0.77 ± 0.12 
0.88 ± 0.22 


0.72 ± 0.18 
0.91 ± 0.3 


3± 1 
4± 3 


54 ±4 

55 ±3 



* Concentrations, mean values, and standard deviations (six animals each) are given for each parameter. 
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FIG. 3. Cartilage and bone develop normally in newborns lacking 
annexin A5. The skeletons from newborn littermates of different ge- 
notypes (+/+, +/-, and -/-) were stained with alcian blue and 
alizarin red, detecting cartilage and bony structures, respectively. 



In vitro calcification by chondrocytes. Based on previous 
evidence for a role of annexin A5 in the calcification of carti- 
lage (15), we tested the ability of isolated chondrocytes to form 
mineral deposits. Chondrocytes of newborns were isolated and 
cultured in the absence or presence of ^-glycerophosphate, 
CaCl 2 , and ascorbate, essential components to induce calcifi- 
cation in vitro (38). No detectable calcification could be ob- 
served in the absence of supplementations (Fig. 5G and H), 
while cell clusters with dense matrix deposits appeared already 
at day 6 in both wild-type and annexin A5-deficient cells in the 
presence of supplementation. At day 8, calcium mineral de- 
posits in chondrocyte cultures were stained with alizarin red 
(Fig. 5). Histogram analyses of images taken from chondrocyte 
cultures (Fig. 5A and B) showed that the proportions of 
stained and unstained areas as well as the overall intensity of 
staining were not significantly different between wild-type or 
annexin A5-deficient chondrocytes. Additionally, the morphol- 
ogy of calcified cell clusters from annexin A5 -deficient chon- 
drocytes did not differ from that of wild-type clusters when 
analyzed at a higher magnification. Therefore, in vitro calcifi- 
cation of chondrocytes was obviously not siginficantly impaired 
by the ablation of annexin A5 expression. 

DISCUSSION 

Annexin A5 represents one of the most intensely studied 
members of the annexin family by in vitro methods. Neverthe- 
less, the in vivo functions of annexin A5 still remain unclear, 
similar to those of most other members of the family (23). 
Biochemical data obtained from in vitro cell culture experi- 
ments as well as in vivo expression studies suggested a poten- 
tial function for annexin A5 in the development and growth of 
the skeleton (1, 15). It has been proposed that annexin A5 
represents an important calcium channel in the matrix vesicles 
involved in the endochondral ossification of the growth plate 
(14, 15, 44). Accordingly, it has been assumed that annexin A5 
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FIG. 4. Expression of annexin A5 in the tibia of wild-type (+/+) 
(A, C, E, and G) and annexin A5-deficient (-/-) (B, D, and H) mice. 
(A and B) Phase contrast image of sections from the tibia. (C and D) 
Detection of annexin A5 protein by immunohistochemistry. 
(E) Higher magnification of panel C. (F) Immunostaining with the 
secondary antibody as negative control. (G and H) Parallel staining for 
p-galactosidase activity by X-Gal (5-bromo-4-chloro-3-indolyl-(}-D-ga- 
lactopyranoside) substrate (blue) and for calcium deposits by alizarin 
red. Bars, 250 jxm. 



mediates the Ca 2+ uptake of matrix vesicles in hypertrophic 
chondrocytes stimulated by interaction with the extracellular 
matrix components collagen II and collagen X, leading to the 
calcification of cartilage within the growth plate. 

Surprisingly, the data presented here clearly indicate that 
the presence of annexin A5 is not essential for cartilage devel- 
opment, endochondral ossification, or the formation of bone. 
Neither the formation nor the structure and function of the 
developing skeleton is affected in annexin A5-deficient new- 
borns and in adult animals, as indicated by unchanged levels of 
calcium and alkaline phosphatase in the blood plasma, by X- 
ray studies of the skeleton, and by histological analysis of the 
growth plate. The obtained result was not expected due to the 
fact that the protein is detected at high levels in the bone and 
cartilage during embryonic development as well as during 
adulthood (1, 15, 35). A potential explanation relies on the 
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FIG. 5. In vitro calcification of isolated chondrocytes from wild- 
type (A, C, E, and G) and annexin A5-deficient (B, D, F, and H) mice. 
(A and B) Chondrocytes were induced for 8 days in medium supple- 
mented with 10 mM glycerophosphate, 10 mM CaCl 2 , and 50 jxg of 
ascorbate/ml; stained for mineral deposits with 0.5% alizarin red; and 
cleared with 2% potassium hydroxide. (C and D) Higher magnifica- 
tions of panels A and B, respectively, are shown. Bar, 250 u.m. (E and 
F) Single cell clusters at higher magnifications of panels C and D, 
respectively, are shown. Bar, 50 u,m. (G and H) Chondrocytes cultured 
in medium without induction are shown. 



redundant functions of annexins, which could functionally 
compensate for the annexin A5 deficiency. Indeed, two other 
annexins with selective calcium channel activity, annexins A6 
and A2, are also found in matrix vesicles within the growth 
plate (3). It is conceivable that these annexins may be sufficient 
for the calcification process. This suggestion is further sup- 
ported by the finding that the in vitro calcification of isolated 
chondrocytes is comparable between wild-type and annexin 
A5-deficient animals. However, there is no indication for a 
significant compensatory upregulation of annexin A2, A6, or 
A7 in different organs in mice lacking annexin A5. The normal 
level of annexin A6 especially was unexpected, as annexin A6 
colocalizes with annexin A5 in some other tissues also, like the 
bile duct of the liver (39) or the heart (22). A comparable 
result was described previously for annexin A6-deficient mice, 



which also did not show any upregulation of other members of 
the annexin family, including annexin A5 (7). 

Recently, an annexin A5-deficient mutant was established in 
the DT40 cell line and in these cells, a reduced susceptibility to 
various apoptotic stimuli was observed (6, 17). Although these 
data point to a role of annexin A5 in calcium-dependent apo- 
ptosis, the lack of annexin A5 may be largely tolerable in vivo. 
Yet we cannot exclude at the moment whether, under various 
stress conditions, specific phenotypes will become apparent. 

It has been proposed that annexin A5 plays a role in preg- 
nancy loss associated with antiphospholipid syndrome in hu- 
mans (30). Annexin A5 should form an antithrombotic shield 
on the syncytium of the placental villi, and a disruption of this 
shield by autoimmune antibodies could induce placental 
thrombosis and intrauterine growth retardation. This is further 
supported by the finding that the injection of annexin A5- 
specific antibodies into pregnant mice leads to placental in- 
farction and fetal losses (42). Therefore, we expected an im- 
pact of annexin A5 deficiency on the developing fetuses and/or 
litter size or deviations from Mendelian inheritance. No sig- 
nificant differences were seen upon heterozygous crossings. To 
exclude the possibility of a functional substitution of annexin 
A5 from maternal tissues, we also tested intercrosses of ho- 
mozygous mutants (data not shown). Again, we could not de- 
tect a significant reduction in the litter size, but extended 
analyses of embryonic stages and litter sizes may be essential 
for a final conclusion. This finding may also be due to the fact 
that the placental structures in the mouse and human are 
organized differently; hence, the results of annexin A5-defi- 
cient mice most likely do not fully reflect the situation in 
humans (36). Additionally, there are controversial data about 
the role of annexin A5 in antiphospholipid syndrome. Some 
studies failed to detect anti-annexin A5 antibodies or did not 
find any correlation between annexin A5 displacement by an- 
tiphospholipid antibodies and increased thrombogenicity of 
the cell surface (18, 37). 

In this paper, we describe the generation of an annexin 
A5-deficient mouse model by gene targeting and the analysis of 
its in vivo consequences. Our data imply that the ablation of 
annexin A5 has no significant pathological effect on vitality or 
fertility or on the formation of cartilage and bone, especially 
during endochondral ossification. Hence, the major questions 
for future studies will focus on the detailed analysis of subtle 
pathological consequences and on the analysis of potentially 
compensatory effects by other annexins. 
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